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Cas9 HFIHF—Am-F RNA (Single guide
RNA, sgRNA) J& it 4 > H B Y 8 83 1 2 ) 4%
AR —— B A % 0] B Y 4 el SCEE & (Clustered
regularly interspersed short palindromic repeats,
CRISPR)/Cas9 3 [X] 4 4 Hh fie S F8 i PR A= W K
T, Cas9 ZE M sgRNA 41l (15 A W REfS X Ik
AT FAR IR IR DI & . ik SN 5 5 T 22
TEMB NS SR . BIPRSE A Al b, EiEH R
Cas9/sgRNA 454, AJ LS B X 3L R 4 55 22 45 it
PR RV P ) A A%, b AR DNA
B G IR VA S B PR R 2 0 3K T B I HE KU, 1
SR LR S ) R S R A e, SR, AR
H2REL RNA AW K7 F AL, Cas9/sgRNA Jifl
ARETEZE, W H B % AN A A A5 T e e — 0t
EORPEI . ASCTE A T4 Cas9/sgRNA ik
RGP RIS . AW i DLW R, JF
TEMCHEA bR T b AR BEITRT B, SR
i R e m R b & J R FH i At A

1 Cas9/sgRNA # & H A B 5 % HHE

1.1 CRISPR/Cas9 £ F #mi8 & 4t

B TR A B 2 ANE S I (T A
JEokr) BIFRZE, A ANE L T —F RNA
DTN GRS RS, #h CRISPRYL,
2013 4F, W5 E A LMY EEEER A Y Cas9
BRI S BL T RNA 515 T AR
B A ) AL R )P 5148 M, i CRISPR/Cas9 1
— b R B DR 2 e TR B T A,
LAk, BF5EE B THIEE Y RNA 254,
SQRNA i i [ 4 8} 2% 495 B0 1572 75 o g 2 14
WAk, CRISPR/Cas9 H A 1y I A& S e oy Ak
KL DE TR HNH TR KR, IEERAEY
S . AR SR YT A SR Y S B
T H, FESEE R K b, 33 50 B A 1 52 it R 5
B AT SR T ST 5 H AP 20-30 bp K
i) sgRNALL,

% : 010-64807509

1.2 CRISPR/Cas9 lfa KRR FARIBERR B

CRISPR/Cas9 RSt 1E I KW F v n] e A7 FE 1)
I A i L 1 A O L Ay L i PR3 2 Ty =T
KBRS . C A fiRIEIESS CRISPR/Cas9 RGLAEN
2 2 N2 S EOBR AL B ) TR MBS A
PRI FHAR UL, A S v] BE 23 5 R A b 1 58
A R AE A TR R, S0 e m H At X LA
&% . HHET CRISPR/Cas9 £ 4t (156 5t 3 5 L h 1%
b BB DNA FFAIRSCEE, RPLAEE 49w N
Atk USRI 2k 31012 AL DNA 1
FIAG 5 R IR AW R AVEE AL, 5 RO P
DR ARV ZE IR, DTN 1 1 DA fofE FH 1) 22 4 B i
AR, B K B 4 ik R e R JE 258 CRISPR/Cas9
RGAEMMI N FFLERIL, K T SRR R AL
FEEL A ), AT R 0 B Ak 0y g i L7231
K, CRISPR/Cas9 i [H 4 4 A1z b FH i ¢
2 — 1T L LA
1.3 EEiBiX Casd/sgRNA E S YIRS

HIRF R Cas9/sgRNA & &Y EEM T
JEDNZH DNA #AT LR 78 2 i AR 2 . it
N |, Cas9 & 7] LI#k Cas9 mRNA #AL, ik
8 A F R PZOREER (Virus-like particle,
VLP) j#3% Cas9 mRNA SZHH |2 4 5y R {4 P
D 2 3001, {H mRNA 1 5) 3% S BRI I WA, T
Cas9/sgRNA X e iy A A 5 A1 HiL g
AR XERG I Cas9 MRNA AYIhAE, 1 Cas9 & Ay
T PE N S S TR RSN . R, Cas9/sgRNA
19356 35 Sk CRISPR 3 [K] 2t 48 45 A 18] 1 PR % FH %
Je () — A~ E R SRy 1ol

HETC & &R T —2) JH7E Cas9/sgRNA &
Y EWEEE AR BT TRAN, KEMKEE
AR BORE b 0% T o BR) R IE FL 5, K AR
A B L fr 1 A B ARR S B Cas9/sgRNA & 45
W v 5 A 32 o X BB R 5 JBORL B0 BE 14 32 S A
to, BAEEwE MR OL, BARRBLE LR LA
D N B A N SN I BU AR o

. cjb@im.ac.cn
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Mo P 25 25 N A, ARG T BE R ALONE 5 B A
RNA AREBCRE G BIEE N AL, el 1375 R e 19
DB 5 H 5 R R A8 S R Ikl AR, A
Jridid 2R e A PR R 1SS

VEAE S SCHRARIE AU KL T Cas9/sgRNA 3 3% 1 )7 1%
oA, EIEEROES . B i Bk, 5
JRAR . BT A SR RN 4 TR S B B4 K G Al
RS

F 1 Cas9/sgRNA B & HIH9iE X SR rg R H I A

Table 1 Cas9/sgRNA delivery strategies and applications
Delivery forms Common components Delivery mechanisms

Applications References

Microinjection = Mechanical force Gonads and embryos of animals  [16-17]
Electroporation = Mechanical force Human stem cells and primary [18-24]
cells
Cell-penetrating Arginine Positive charge Human stem cells and primary [25-26]
peptide cells, mouse brain
Lipid Lipid bilayer Positive charge, Only cell lines [27-28]
membrane fusion
DNA nanoclew Palindromic sequences, Positive charge, Only cell lines [29]
polyethyleneimine complementary base
pairing
Gold nanoparticle Arginine, cationic polymer Positive charge, Human stem cells and primary [30-31]
derivative complementary base cells, mouse muscle
pairing
Graphene derivative Graphene oxide, polyethylene  Positive charge, Only cell lines [32]
glycol, polyethyleneimine n-stacking interaction
Metal-organic Imidazole-2-carboxaldehyde,  — Only cell lines [33]
framework and lipid Zn?*, Lipofectamine 2000
Dendritic polymer G5 PAMAM, phenylboronic Positive charge, Only cell lines [34]
acid cation-r interaction,
nitrogen-boronate
complexation
Nanocapsule Imidazole, Positive charge, Human stem cells, mouse retina [35]

polymer

N,N’-bis(acryloyl)cystamine,

targeting ligand

and muscle

polyethylene glycol

2 WMEFE

PRy S EALE  GE  A  R R
ks Cas9/sgRNA I 54 B 41 12 2 4 0 T s 4
Az, BEAZTIVE U] EIHL I DNA, HAELE 40 A
PR . I3 Re S Iz N AN ) 4 20 2
T ot e e SR T Atk Ul HETH
A GE T Cas9/sgRNA 1 38 1% 1 5L K 4w
i Ih B I S P,

Cho 251181 5 sung 217143 51144 Cas9/sgRNA &
B AV S 380 75 T PR A M R DA R B £
F/INE IR RR e, 7237 A s b T A I 2 T 3
DRI A o Kim 25815 50 i 5 1) 5 500K Cas9/sgRNA

http://journals.im.ac.cn/cjbcn

R N e A0 R (K562), i L gl AR
SQRNA HE [m] AR AL, 435 3R 15 N 16% 2 72%
Mm%, IR0 44%, HiFE Cas9/sgRNA
2 X FH Aty = e i N 2T 4T 4 A R 2 fig T A
Jig U RE A3 IS 2] 19%F1 23% 1 JE K] 4 FEASCR
Lin 25 FH e % ik — 4% Cas9/sgRNA il 7]
SE MK (Homology-directed repair, HDR) #4k
DNA A ANMR'E 4R (HEK293T) ., A4t 44
Mo Z e Tanprb . MR, @k s i )
4 JE R 4, ELn b Cas9/sgRNA & i i3
R DL KRR 42 5 HDR #0% (£ HEK293T
Y ML Z ol 33%), 376 Bb A 282 2 i S 1A ) 25 b 2
B A ALY HDR S50% 5 5 AT 2 41 i A1 22 BE T 41 ifd
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L A A A R AL PR S 75 8] HDR ISRy
B 1.3%H1 2%, T A e aed 33k —Aub R A A 5]
HDR 4 5% DNA 1&% . Schumann 2200 3 B %%
Fr Cas9/sgRNA jb 5 2 J5f T 4if, nish sl 1
iT 400K 5 K 48R s BE—2P 5] A HDR #ifl,
AT s 20% ) SRR AR . X SRR ST R
CRISPR/Cas9 HARLE NS T 4 i i) 1 P 4 T
FEVRYT I B8 T ALt

{HEE T AR 03X Loy 3 )5 v A R
2 M LR R IR A, TR IR YT R UG
A LR
3 HRHBZHAK

ML ZEE K (Cell-penetrating peptide, CPP)
FIRE TR e (B GE W W R 25 s % B ik, ¥ 2 PR
B R, P A AR AR RS IR
ML BT AT FoE i 2 R A UM 2 K, H ]
TR A TS # A S ARSI IE T
WO F 2G5, TR . A= WA G I 2
SER AT A B AT A AU B B N . A
FANAFI XA EAR LT T Cas9/sgRNA E 59
i EIRE o
3.1 HHAEEFIERK

Park Z:1°M% Cas9 1 sgRNA 171 2k 5] & &rks &
% (Arginine, R) FI52%# (Leucine, L) MM E
PEZ K R7TL10 [ 21258 B S R G K b1 Rt
P15 B B A K 52 G W S B AR I R/ U Y
JINTE AR N2 e P SEBL T 45%HY Bacel SEDA
PRI R, SR T BRI /N BB Y B UE
F A B8 A OC I BRAA R B . HLIF R A
ROV, WA R IR A3, XAl CPP %
VRSB HUE 5 09 7 VA SRR T M 4 R gR
g 1) — BT SR

Ramakrishna 22551 T Bifh s SRS &R . 55
AR R (Glycine,G) () CPP Hr—Fh CPP
1) — ity 3 A B R RV i B AT, 3 ok 6 PRI A

% : 010-64807509

ffi Cas9 Z 1/ C it il —A-2F e (Cysteine,
C) Fkkt, AP MsIES CPP iy kit
WREFE A pH MBS MR RN S S, B
WEE R Bk, T CPP & & IE fLAAE &
Mg, A 5 O I AR kR I 1Y Cas9 Wil b iFr
fif 3 73— CPP ] L4238 £ i i AH B4R FH 5 sgRNA
i BRI HL T BT CPP AYBIAff Cas9 Al
SgRNA PN K5rF- 43 8 BLAE R KL 7, AT
SPE Cas9 I sgRNA 7E L Fh A A1 3R 1) BBz %
IR HEAG R R i T R

B F AL BRI, CPP i A4S 5
f A 1A (Endosome) 19 M1 1k, fiiA55X
—{RRTE HEK293T 4iifjfd R ik — U™ A i 5L I
ERRCRAR 10%, 3 U 5 n) 3 R 4 4R 0K
P % 2000 b A, T CPP By IR KR S
22 A0 M B 2 R RDIR S R . FE R U AR R
(Hela). AZEIRHRE4ns & (NCCIT), I tafii
W B 0 2T 24 A s A IR B i i e, 4
it 3k 5 5 L DR G 4B R A 0 R 5.5% . 2.7%
8.4%F1 2.3%, [HIt, XAIBEREAR A% LI
AEG Tz
3.2 PBERRIK

Zuris ZPF R ALIE Bk RNAIMAX il
Lipofectamine 2000 SZ¥{ T Cas9/sgRNA 7& il il Y
B e Rk % . Hodr, DL Lipofectamine 2000 Jy 4
3% Cas9/sgRNAT , N B R 4L & (U20S)
H 5 TR B BRSO T ik 80% ., tAh, ik Cas9 H &
% sgRNA [RIRA 1y T 5230 5 5 3L [N 4 S T i
% Cas9/sgRNA Fil HDR AR IR AW, FEFE 2
BHIRCRIR R 11%, R T HFIE N8 1 fh 2% 25 4 A
TEPER R, Wang ZEP83 5Lk 12 B[R] 9 — 2%
o TS A AR 14 SR E K R T
K R TR A 73 5w SR USRIV, A3 B T 12 FBH 1
AR IEIENE . Hodr, DUN-(3-E N 3E) LR
iz Ay SN L 26 B 8-014B 5 Cas9/sgRNA JE
Rk S A I RETE HEK AN A5 709% 0 5

EL: cjb@im.ac.cn
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I T S S F - R N U BE B -
Lipofectamine 2000, X+ #5141t
AE A 02 0 OK &2 6 1 16 M D9 3 i P 55 v 1 14 A
ki

HARIE AR A —E Y Re ), (AHE R
SR g RS T A4 L 28 78 L 52 8 a3 % 0 o 4
FICOL, (A PRI, NS BRI 5 e 20 434 fih X 5
SR LT R A M VR, TN A B T A
KAV T ) e iRk s (al i, G, AR
AT A S A ORISR B T A b RS
LT Cas9/sgRNA & &1k 5 .

4 FALRAHEA

4.1 DNA K%

Sun 252 5 i 4% DNA 5 sgRNA Bl 5L 1 b
e X i A Ak (Y s AR BAE A &, R HTR 3R
PaE K (Rolling circle amplification, RCA) & i
T 5 sgRNA TR/ H AN DNAZKSE (Nanoclews,
NCs), JF7E RCA [t DNA Hig it Gets Ik 5l
I 2H 25 1 [0 S 471 o 38 e 5 e o Y SRR
J1# Cas9/sgRNA & &1 4% DNA NCs, M)
IS FREYR IR (Polyethyleneimine,
PEI) XA RMATIRIZ. PEI 5Tk, BE¥
Cas9/sgRNA/NC 4 R ~F 2 56 nm (171 1E L 44
KRS, FIEEG Al A A R . HRA Y
AR S M AL, SCRE A N A gk
10 TR TS 2 A A B, e 24 S R ) 1) R R G
S KRB, 5 0 8 23 ML BN AR EE, FHOR
RIY B DNA 5 sgRNA 5 12 AMHf & B #b
5}, Cas9/sgRNA/NC-12/PEI 52 HH i) 3k [K] 4 4B 45 %
B (T8 U20S 4iJifl R ik %) 28%), iX—4524R ]
fiE 55 Cas9/sgRNA & 415 DNA NCs fy 45 & FIE
WOEE) TV A G
42 ENKREFRLTEY

Mout 25 COU7E /1N 437 26 T 6 Vi 4 40 K B0 £
ZAERRFE SRR E BT B T —Fkr Cas9/sgRNA

http://journals.im.ac.cn/cjbcn

2 G 5 R i 22 22 Tl 240 L S 300 DR s R 1 O
W o XA R X Cas9 DA K 4 4 oK okr E4 T T AE 4N
F LS, 78 Cas9 ) N 5iffi AR (Glutamic
acid, E) #3% (E-tag), i@ili75 E-tag AYKJE
(0-20), )5 CasOE, HA i & nl #4219 =)
TR LT, BEAE S5 1E L AT ARG 2R 4 N K R
(Arginine gold nanoparticles, ArgNPs) #H H.1F FTE
BUERAR B AR LA . QKL R IARE S 112K Cas9E,
1 sgRNA, S4IHIBEEL5 5 , K CasOE/SgRNA H
TR TICE A0 5 TS B 0 R T A . X — B
i HLRITE Hela MR S0 T 90%0Y 28 1% 44
K, REHHBESCE N 30%, B E-tag KA
I, AR BEARR ST K, Cas9E s Fil Cas9E,, JE
R 20 2 A R ST RE 16 5] 400-500 nm,  HL i 5 R0
S o AR 3K — 5 VR BRI FE T75 2% Cas9 i 47k
T, A58 A AR M B AT

Lee “EPWy G4 K BikL & it T — Mg iy
#HIK, fir4 M CRISPR-Gold, 7] LKt Cas9/sgRNA
F1 HDR fit 1A DNA By 1% 21| Z2 o Je 19 )54
20 JfL AT 40 M0 f o, HDR &% R 7E 3%—4% .
CRISPR-Gold & GEFE I 1A /1N ERL IR 20 21 o A i
7S HDR, #ZIE T/MNRH 5.4%HNLEFRA RE
FISEE , 29 B2 Cas9/sgRNA FIf{k DNA &
SRR 18 £ . CRISPR-Gold F A7 B M 1) 20 5%
DNA (5’ thiol modified single-stranded DNA,
DNA-SH) Fl4: 44 Kk ik: (Gold nanoparticles,
GNP) {HEEX i i, DNA-SH 7 DL 5t {& DNA & 1
BEE BAMECXT 454G, BEfS S5 Cas9/sgRNA D J& H
A NARBEIRVER B &5 0 3 (N-(N-(2-2 2
H)-2- B F) RAWM (poly(N-(N-(2-
aminoethyl)-2-aminoethyl)aspartamide), PAsp(DET))
B4 EAYIIEIG , CRISPR-Gold I/ PAsp(DET)
Sl R IR 2L CRISPR-Gold B ik 21 21 Jifd J5t
oo EEERMJR, A M T P oA R 0 S B ORR
(Glutathione, GSH) ] ffi i B W2, DNA M
CRISPR-Gold 4 4% i 25, NIMT3 3 Cas9/sgRNA
FHEIA DNA BRI
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43 BEETEY

Yue P23 E 4k 17 #2445 (Graphene oxide, GO)
AT T T —FBT A9 Cas9/sgRNA 3315 2k {4
TEN BB AMER (AGS) SZHL T 39%I 3 [H 4
WACR, ZA R A A S50 b BERL A A ) 75 2
SR CRRAEMESA T R A, A o BOR
B, MR S R0 A 2 R A s AR5
TEAE A 1-(3-H & KL N 5E)-3- & Bk — W e £
iR £ (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride , EDC) [ /% £ F 5 R & — %
(Polyethylene glycol, PEG) #il PEI Fp it 43 JL (B Bk
JBER: , 155 GO-PEG-PEI ik, fEix—#ikH,
VER IR GO 28T A e K MR A 250
AT A, BEERAR, FLE KM H R Al L
B s AR — A AR A P RIS E M R A Y
MR, GO F & pi iz MITE —SL Uy RE 1 2 Y i
SRATE R EUY PEG BRI i — 1R
GO WYAYA A M AR R E M, a8 iE
HLAY PEI &), GO-PEG-PEI figfig 5 iy
sgRNA #fiigh4, HAOREFEmAHfEYS Cas9
R 5 A R A SRR A m-nERVE T, AT iR
5E i) GO-PEG-PEI/Cas9/sgRNA & 441, % 1 5 e
fif ) RNA BA —E IR 1 ] T2 iy 52459 ml
WS NAVER AL, RIS T PEI 11
A0, A A A HRORETI
44 =R-BNBRMH

Yang 2L F 4 R - PS4 (Metal-organic
framework, MOF) #1RHG RS, BT T —F =R
B4 (Adenosine triphophate, ATP) i 5 FI4H4 K 2%
A DKM 42-90 (Zeolitic imidazole framework-90,
ZIF-90) {2l Cas9 ik iy-F- 3. PRmk-2-HI 7
Zn*" Y Cas9 ST F 4T ML ZIF-90/Cas9 4
KRR A R B2 T Cas9.  F 4H 2 4 oK Uk E
AL, o T A BEERSE PR AF 7R R ATP 5 ZIF-90
HiY) Zn®* Z (A A7 0 5 S PE RO A, 40 K 0k b
f#, fihk Cas9 RUBEHC: 1 sgRNA U 53 fhid it

% : 010-64807509

Lipofectamine 2000 i#i%. X —i# kAR TE Hela
0 F A BE D SR ARy 35% . 4T A i
HATP SR £ F I8, ATP Wi 75 8 0% 7 1 m]
fie iy CRISPR/Cas9 & )i y7 FFREFTHIHL2s

45 MAREE

Liu 2000 T — R & AR B AR
Oy FAREAR (P4), REME R4 G [ 8 0 g
TP AR E M S, TR IR &R /NS
H, A B 2 ST S S T AR R RO . P4 BB AR
AT b1 G5 PAMAM M B 28 N, 7 & —Fif
PRGN R GRSy 7, 5 4-(R IV EE) A
iz (4-(bromomethyl)phenylboronic acid, PBA) J%
PRI B KRR HE A . PBA H iy 05 4 25 AT LA
3 3 BH 2 - A ELAE TS A B b A I e R
e —Jrm, EAR ERBHE T RIRER AT L
WL FAE AR S G5 PAMAM ‘548 Y FH 1
FIL A A, PBA Gk i REIE A (-
e 5 28 1 o 3R TH Y 2 0 | DRI AR & o IEJE T
X 3 FhE R IAFAE, P4 VBN Cas9/sgRNA i
REARAE HEK293T AR Pl T 40%0Y KL
EROR . TEZURE 6 T RECIR K 7y 76 3k
B A AT ABE T e R T AR 0
HERER, AFTESYRNER, X4k
Wit P4 B 5] AT IR 25 52 T hit .

Chen %517 Cas9/sgRNA & 441 % 15 | A B
BRI BTR FEAR L SRR ERAR . N NT-XT
(NKEEBERZ (N,N’-bis(acryloyl)cystamine, BAC)
W LA S S EARMRIC R PEG, JFF51 &R H H
FERG I, e T Cas9/sgRNA A4
Yy B il (0 2L AN SCHR R G W, R Z O 9K T
(Nanocapsule, NC). M, BHE FHFIFHE 78k
R G Wi  F A B TR ZE Cas9/sgRNA il
B, Al 3 A B N Y 1 AR T i 5] 3
Cas9/sgRNA i, NC iR EARBIZELL T 24
T3 1T ;R A ) JOT 1 A0 00 WA A AR R IR 5
T BAC ZCHKFIREFE = & GSH MU FEff, M

EL: cjb@im.ac.cn
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JE P AF AR GSH Bl R R A W0 2 254, i fili
Cas9/sgRNA FEi B ; SMH/KEETER PEG
70 AT AR e 4 A SR 5 BET T, R e R e
LR . CPP B L8455 . NC REfS 4 HEK293
A RSB 79% R R g AR, HLZE P
TR AL TS L RE R4 90%I A M 2E T RE . T
FVFRIAGEAE FNAZ B o X T XERS e 0 IR G T 40
FH CPP 5 NC BB AT L E & 4838 NC 1% 41 i 5 B
K, SEER 7% R i S0R , FEARMEE NC 1Y
HEERCER 3 fi. AN, ALETEAG T NC 7E/)
BRI i€, 25 Rz RN UL AR R 4 25500, PR
Wt T —E I g . 286k FE , NC ki

Physical methods

VEBAAE T AT ) (5 M AR 2540 L 5 | A AT B 43+, 5K
BUAEARZ AN R sk Al 4P () R Gy . (R — ik
TE T I 220 3[R s 5 X 4 Cas9/sgRNA E &
Yy s s, DR AR R A A R e 2L
—EMRRYE. B 1R T L EJLEE R T HW
SERRE R

EHUREA (Bl R & 3R) 7R IR
RO R ARG, GRLT —Fio B ] %
i AN K UK o S R (1) £ 27 235 4 {5 FE T £ R
# Cas9/sgRNA, HEeA R A, FH7EEA
YA I S A 2 T BH 2 1 L A Y B AR R B, 3R
Cas9/sgRNA BRI, H5c 2 5 BH /35 AU 5 18] 4

Traditional delivery vectors

Microinjection Electroporation O Sy s
= N9
\ / \ Lipid /
New synthesized materials
4 e - _ \
ni—é{ f.j-}_% “Sjii g &
g a’%’ A 7 ‘:-;"s__‘:f::‘z‘*\" &Lr.“b
i \/\!{;jj‘- Sul S “‘u‘_-‘i\ ‘.\"
\ 3 ; St T Ty
%@_ﬁ;f& & 4 e
iy g

DNA nanoclew

M9

£oob
s

t\"tu

velal-organic framework

ey 25
CEAERA

Gold nanoparticle derivative

Dendritic polymer

Nanocapsule polymy

Bl 1 Cas9/sgRNA EEYIRIBEIXZTHE
Fig. 1 Cas9/sgRNA cargo delivery tools.
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R VL LA B A B 2 fT B . st ta HAR YA S
PERAF. RATC LR X R Cas9/sgRNA 8
KRG IR T 4 B oSBT AR AR, O
Hix— RG] UAE R —FE &, T m AR
YA . %R ] AN [ R Y Cas9/sgRNA A5,
BB ) R 0 TR 5

5 REERE

2 2021 4 2 H, 7£ ClinicalTrials.gov My}
TEMHE ] CRISPR/Cas9 F 4t i A A I R IR 30 A7
30 ARI, TGRS S0 2 AR S i 4 200 P [
TRy, 2 ek B R R B R RN R
37 2 58, 995 25 R BOREAT 2 fe 3 B i i TR 2
Cas9/sgRNA 1) B 23 &2 i A v FH 28 A I R
SRIAITH, TR T Cas9/sgRNA 6 R &
SIS, HV A B AR — SRR 1) RN
128 36 0 G A R AT i R P 1 1Y 3 B ARG
2) RNA TE IMLTE H A ASER e T A0 i S S 3 s
2% HA B EY s 3) AT BE AR AN AT T I R
PR, 0 G4 R FIURL AT AL JHE I 0 I P AR SR A it
[A] - 75 22 4% % b ol p S PR 3 ik s 4% 4y
TR AR B 2R A T AR i L BRI AT =
Ak

CRISPR LIARBEEL A | 1244 3 Jennifer A,
Doudna 231 “i# 1% 7] RE & 14 20 B K& DX g 5636 97 A
R FF IR 20074 A PRy 5 DR R T 1 A IO 4535
IR BB IRHOR B S0, T B 3% 5 Cas9/sgRNA,
W T HAE 2 e FISURIm R P&, Ak 32
BTz R, R R T 2R HAR RSk RS
Cas9/sgRNA 113 22 R F 2 Z T Cas9/sgRNA
540 i RS 22 LA K Cas9/sgRNA 532 15 11 1
MR G TP 7T, X e &k Re T
SR P AL )R, ARG R | BT A S
PR AN EE A AR . IR BUARSEHUA, TEIARSME
BRI ERIUAS T — o MRCR (R P 1 32 R
Ko B BULGN KA L AT BE 2 AS BT 5 40008 ) iy S5 BT A

% : 010-64807509

HA RIS, B AR O B
FEEBR A SRR, BTk 24N % JE 2
R, WARREARAT . RUENE . m R R,
PASCBUEE A0 RNA AL 038wy an i Ay
DA A 388 LA B A A 3t 326, XTI S5 B o 2880 T 2 4 14
FEIN A Gt , JFIE— 2P IR R T N A

REFERENCES

[1] Mojica FIM, Diez-Villasefior C, Garcia-Martinez J,
et al. Intervening sequences of regularly spaced
prokaryotic repeats derive from foreign genetic
elements. J Mol Evolut, 2005, 60(2): 174-182.

[2] Mali P, Yang LH, Esvelt KM, et al. RNA-guided
human genome engineering via Cas9. Science, 2013,
339(6121): 823-826.

[3] Cong L, Ran FA, Cox D, et al. Multiplex genome
engineering using CRISPR/Cas systems. Science,
2013, 339(6121): 819-823.

[4] Jinek M, Chylinski K, Fonfara I, et al. A
programmable dual-RNA-guided DNA endonuclease
in adaptive bacterial immunity. Science, 2012,
337(6096): 816-821.

[5] Tyagi S, Kumar R, Das A, et al. CRISPR-Cas9
system: a genome-editing tool with endless
possibilities. J Biotechnol, 2020, 319: 36-53.

[6] Pickar-Oliver A, Gersbach CA. The next generation
of CRISPR-Cas technologies and applications. Nat
Rev Mol Cell Biol, 2019, 20(8): 490-507.

[7] Fu YF, Foden JA, Khayter C, et al. High-frequency
off-target mutagenesis induced by CRISPR-Cas
nucleases in human cells. Nat Biotechnol, 2013,
31(9): 822-826.

[8] Tsai SQ, Zheng ZL, Nguyen NT, et al. Guide-seq
enables genome-wide profiling of off-target
cleavage by CRISPR-Cas nucleases. Nat Biotechnol,
2015, 33(2): 187-197.

[9] Xue W, Chen SD, Yin H, et al. CRISPR-mediated
direct mutation of cancer genes in the mouse liver.
Nature, 2014, 514(7522): 380-384.

[10] Yin H, Song CQ, Dorkin JR, et al. Therapeutic
genome editing by combined viral and non-viral
delivery of CRISPR system components in vivo. Nat
Biotechnol, 2016, 34(3): 328-333.

. cjb@im.ac.cn



3888 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Tabebordbar M, Zhu KX, Cheng JKW, et al. In vivo
gene editing in dystrophic mouse muscle and muscle
stem cells. Science, 2016, 351(6271): 407-411.
Liang PP, Xu YW, Zhang XY, et al
CRISPR/Cas9-mediated gene editing in human
tripronuclear zygotes. Protein Cell, 2015, 6(5):
363-372.

Pattanayak V, Lin S, Guilinger JP, et al.
High-throughput profiling of off-target DNA
cleavage reveals RNA-programmed Cas9 nuclease
specificity. Nat Biotechnol, 2013, 31(9): 839-843.
Liu XJ, Zhang YP, Cheng C, et al
CRISPR-Cas9-mediated multiplex gene editing in
CAR-T cells. Cell Res, 2017, 27(1): 154-157.

Ling SK, Yang SQ, Hu XD, et al. Lentiviral
delivery of co-packaged Cas9 mRNA and a
Vegfa-targeting guide RNA  prevents wet
age-related macular degeneration in mice. Nat
Biomed Eng, 2021, 5(2): 144-156.

Cho SW, Lee J, Carroll D, et al. Heritable gene
knockout in Caenorhabditis elegans by direct
injection of Cas9-sgRNA ribonucleoproteins.
Genetics, 2013, 195(3): 1177-1180.

Sung YH, Kim JM, Kim HT, et al. Highly efficient
gene knockout in mice and zebrafish with
RNA-guided endonucleases. Genome Res, 2014,
24(1): 125-131.

Kim S, Kim D, Cho SW, et al. Highly efficient
RNA-guided genome editing in human cells via
delivery of purified Cas9 ribonucleoproteins.
Genome Res, 2014, 24(6): 1012-1019.

Lin S, Staahl B, Alla RK, et al. Enhanced
homology-directed human genome engineering by
controlled timing of CRISPR/Cas9 delivery. Elife,
2014, 3: e04766.

Schumann K, Lin S, Boyer E, et al. Generation of
knock-in primary human T cells using Cas9
ribonucleoproteins. Proc Natl Acad Sci USA, 2015,
112(33): 10437-10442.

Hendel A, Bak RO, Clark JT, et al. Chemically
modified guide RNAs enhance CRISPR-Cas
genome editing in human primary cells. Nat
Biotechnol, 2015, 33(9): 985-989.

Gomes-Silva D, Srinivasan M, Sharma S, et al.
CD7-edited T cells expressing a CD7-specific CAR

http://journals.im.ac.cn/cjbcn

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

[33]

for the therapy of T-cell malignancies. Blood, 2017,
130(3): 285-296.

Rupp LJ, Schumann K, Roybal KT, et al.
CRISPR/Cas9-mediated PD-1 disruption enhances
anti-tumor efficacy of human chimeric antigen
receptor T cells. Sci Rep, 2017, 7(1): 737.

Seki A, Rutz S. Optimized RNP transfection for
highly efficient CRISPR/Cas9-mediated gene
knockout in primary T cells. J Exp Med, 2018,
215(3): 985-997.

Park H, Oh J, Shim G, et al. In vivo neuronal gene
editing via CRISPR-Cas9 amphiphilic nanocomplexes
alleviates deficits in mouse models of Alzheimer’s
disease. Nat Neurosci, 2019, 22(4): 524-528.
Ramakrishna S, Dad ABK, Beloor J, et al. Gene
disruption by cell-penetrating peptide-mediated
delivery of Cas9 protein and guide RNA. Genome
Res, 2014, 24(6): 1020-1027.

Zuris JA, Thompson DB, Shu YL, et al. Cationic
lipid-mediated delivery of proteins enables efficient
protein-based genome editing in vitro and in vivo.
Nat Biotechnol, 2015, 33(1): 73-80.

Wang M, Zuris JA, Meng FT, et al. Efficient
delivery of genome-editing proteins  using
bioreducible lipid nanoparticles. Proc Natl Acad Sci
USA, 2016, 113(11): 2868-2873.

Sun WJ, Ji WY, Hall JM, et al. Self-assembled DNA
nanoclews for the efficient delivery of
CRISPR-Cas9 for genome editing. Angew Chem Int
Ed, 2015, 54(41): 12029-12033.

Mout R, Ray M, Tonga GY, et al. Direct cytosolic
delivery of CRISPR/Cas9-ribonucleoprotein for
efficient gene editing. ACS Nano, 2017, 11(3):
2452-2458.

Lee K, Conboy M, Park HM, et al. Nanoparticle
delivery of Cas9 ribonucleoprotein and donor DNA
in vivo induces homology-directed DNA repair. Nat
Biomed Eng, 2017, 1: 889-901.

Yue HH, Zhou XM, Cheng M, et al. Graphene
oxide-mediated Cas9/sgRNA delivery for efficient
genome editing. Nanoscale, 2018, 10(3): 1063-1071.
Yang XT, Tang Q, Jiang Y, et al. Nanoscale
ATP-responsive zeolitic imidazole framework-90 as
a general platform for cytosolic protein delivery and
genome editing. J Am Chem Soc, 2019, 141(9):



0B Z/Cas9/sgRNA BER AR REATHRE 3889

[34]

(35]

(36]

(37]

(38]

[39]

[40]

s

3782-3786.

Liu CY, Wan T, Wang H, et al. A boronic acid-rich
dendrimer with robust and unprecedented efficiency
for cytosolic protein delivery and CRISPR-Cas9
gene editing. Sci Adv, 2019, 5(6): eaaw8922.

Chen G, Abdeen AA, Wang YY, et al. A
biodegradable nanocapsule delivers a Cas9
ribonucleoprotein complex for in vivo genome
editing. Nat Nanotechnol, 2019, 14(10): 974-980.
Elouahabi A, Ruysschaert JM. Formation and

intracellular trafficking of lipoplexes and polyplexes.

Mol Ther, 2005, 11(3): 336-347.

Yang XC, Samanta B, Agasti SS, et al. Drug
delivery using nanoparticle-stabilized nanocapsules.
Angew Chem Int Ed, 2011, 50(2): 477-481.

Jiang Y, Tang R, Duncan B, et al. Direct cytosolic
delivery of siRNA using nanoparticle-stabilized
nanocapsules. Angew Chem Int Ed, 2015, 54(2):
516-520.

Tang R, Jiang ZW, Ray M, et al. Cytosolic delivery
of large proteins using nanoparticle-stabilized
nanocapsules. Nanoscale, 2016, 8(42): 18038-18041.
Shen H, Liu M, He HX, et al. PEGylated graphene
oxide-mediated protein delivery for cell function

010-64807509

[41]

[42]

[43]

[44]

[45]

[46]

regulation. ACS Appl Mater Interfaces, 2012, 4(11):
6317-6323.

Chang H, Lv J, Gao X, et al. Rational design of a
polymer with robust efficacy for intracellular
protein and peptide delivery. Nano Lett, 2017, 17(3):
1678-1684.

Lu Y, Xue JX, Deng T, et al. Safety and feasibility
of CRISPR-edited T cells in patients with refractory
non-small-cell lung cancer. Nat Med, 2020, 26(5):
732-740.

Maeder ML, Stefanidakis M, Wilson CJ, et al.
Development of a gene-editing approach to restore
vision loss in Leber congenital amaurosis type 10.
Nat Med, 2019, 25(2): 229-233.

Van Haasteren J, Li J, Scheideler OJ, et al. The
delivery challenge: fulfilling the promise of
therapeutic genome editing. Nat Biotechnol, 2020,
38(7): 845-855.

Alkilany AM, Murphy CJ. Toxicity and cellular
uptake of gold nanoparticles: what we have learned
so far? J Nanopart Res, 2010, 12(7): 2313-2333.
Doudna JA. The promise and challenge of
therapeutic genome editing.  Nature, 2020,
578(7794): 229-236.

GRS M)

. cjb@im.ac.cn



